Background. Previous studies indicated that a single session of repeated-slip exposure can reduce over 40% of laboratory-induced falls among older adults. The purpose of this study was to determine to what degree such perturbation training translated to the reduction of older adults' annual falls risk in their everyday living.
F
ALLS are a common and serious problem in older people. The cumulative effect of falls on older adults and on our health care system is enormous; the results are debilitating injuries, loss of independence, and transfer to an institution or even death (1, 2) . Perturbation-related falls from trips or slips are responsible for about 60% of outdoor falls among community-dwelling adults aged 70 or older (3) . Even the healthiest older adults are not immune to idiopathic falls (with unknown cause) that can have devastating health consequences (4) . It is therefore difficult, yet imperative, to develop and validate prophylactic approaches that can reduce the likelihood of falls among community-dwelling older adults.
Perturbation training is emerging as a viable option to reduce older adults' risk of falls (5) (6) (7) . This approach is novel because it focuses on improving a person's resilience in response to externally induced perturbations for fall reduction rather than relying on performance-based exercises or other alternatives to improve one's physical conditioning and control of balance (8) (9) (10) (11) . A person can modify, through training, the response to a postural perturbation and improve his or her control of stability between the center of mass and base of support (12, 13) . Such trial-and-error practice allows the central nervous system to make adaptive improvements in proactive and reactive control of stability to resist falls (5) .
Adaptation to repeated-slip exposure experienced during perturbation training can occur rapidly-often in a single training session-as a person learns to shift his or her reliance on feedback-driven response for error correction to both incorporate proactive (feed-forward) control as well as improve reactive control of center-of-mass stability (5, 14) . Effects from a single session of repeated-slip exposure can be retained for many months when the participants were trained and retested in identical laboratory setting (5) . Further, there is evidence that these effects can be generalized across different tasks or environments (15, 16) . Although these findings are promising, it is unknown whether such training effects can in fact translate into reducing older adults' risk of falls in their everyday living.
This study was to determine to what degree a novel form of motor training, perturbation training provided in the laboratory, 12-month follow-up period than the training group using both on-treatment ( Figure 5a ) and intention-to-treat analyses (Figure 5b ). The multivariable analysis with generalized estimating equations model further confirmed these findings with significant time (history vs. prospective falls) and group-by-time interaction effects (Table 3 ). There was an overall reduction in the risk of falls (odds ratio = 0.31, 95% confidence interval: 0.16-0.64, p = .002), but most of the reductions were from the training group as illustrated by the significant group-by-time interaction. Participants in the control group were 2.3 times more likely to experience falls in the next 12 months than did those in the training group (odds ratio = 2.30, 95% confidence interval: 1.04-5.49, p = .033, Table 3 ). The intention-to-treat analysis yielded a similar result.
Further analysis suggested that perturbation training had more profound effect on participants with history of falls than it did to those without such history (Table 4 ). More than half of the fallers (55%) in the control group continued to experience falls in the same duration of 12 months. In contrast, only 26% of the previous fallers in the training group experienced further falls in their everyday living (betweengroup p = .035, Table 4 ), although they still appeared to fall more frequently than did those without previous history of falls after receiving the same training (9.1%, p = .064). Interestingly, those participants without previous history of falls in the training group (9.1%) also appear to be less likely to fall in comparison to their counterpart in the control group (17.4%, Table 4 ), though such difference did not reach a significant level (p = .2469, Table 4 ).
Discussion
The novel approach of perturbation training by letting older adults learn from falling in a safe and well-controlled environment puts slips into good use. Such perturbation training could improve older adults' proactive and reactive control of stability and their limb support against collapse in a laboratory setting (14, 26) . When older adults were retested in the same laboratory settings 6 months (14, 26) or even 12 months (19) after the initial session, they also showed significantly greater retention of such training effects. These laboratory observations have enabled us to hypothesize that perturbation training may reduce older adults' annual fall risk in everyday living outside of the laboratory. Now, the results indeed further confirmed that Note: 95% CI = 95% confidence interval; OR = odds ratio.
such training benefits can be retained and be generalized to reduce these older adults' likelihood of annual fall risk by 50% in their daily living (Table 2 and Figures 4 and 5) .
In this study, we have applied the overlearning principle in a total of 24 slips in randomized-block design, which is known to augment both the retention and the generalization (28) . Although an occasional slip could in itself be a learning experience, experimental evidence suggests that a single session of 24 slips can be superior than a single slip (29) . The learning (retention and its generalization) may be further reinforced by the perceived or real penalties that could result from errors in failed recovery. In real life, such falls can lead to severe or even life-threatening injuries. Thus, consequences of an inappropriate response to slip (and a fall) may implicitly (albeit subconsciously) motivate the central nervous system to quickly learn and remember the improved movement strategies for an extended period. Fear-conditioning studies in mice have demonstrated that a single session is sufficient for long-term retention of the acquired stimulus-response behavior (30) . Notably, our training effect was especially prominent among those at-risk of falls (who had a history of falls). The fear resulting from previous falls might have further accentuated (consciously or unconsciously) their learning.
Because relatively few people in both groups fell in everyday living (30% or less) and even fewer in each category of falls, the findings of this study can only be preliminary that require further verification. It remains unclear, for instance, whether such training-induced benefits can be generalizable or would be more specific to slip-related falls in everyday living. In Table 2 , the percentage of trips and slips, which accounts for up to 60% of falls by older adults, was quantitatively greater in the trained group. Indeed, the largest number of falls in the untrained group was from unknown causes. This is not trivial. Arguably, the significant between-group difference in prospective falls may have been driven by the rather large difference in falls due to unknown causes, for which any explanation can only be speculative. Therefore, any attempt to link perturbation training to specific type of fall outcome (eg, slip or trip) could be misled due to this and other data limitations. Nonetheless, a combined all-cause falls is still an acceptable endpoint (from data logistics perspective) to provide evidence on outcome evaluation for this novel approach of perturbation training among the elderly people.
We are only at the beginning of understanding the potential benefits or the limitations of perturbation training in terms of its generalizability and specificity. We first investigated that repeated-slip training-induced interlimb transfer effects, that is, to what degree young adults could withstand a novel slip applied to the untrained contralateral limb during walking (31) . We subsequently investigated generalization across different environmental conditions and found that after being trained with moveable platform induced slips, young adults were able to resist falling when exposed to a slippery vinyl floor (16) . We then looked at young adults' ability to generalize skills across different tasks (intertask) and demonstrated that they could resist slipinduced falls during walking after being given repeated-slip training during a sit-to-stand task (15) . We also studied the generalizability from repeated-slip training on a computercontrolled treadmill to a novel over-ground slip during level walking (7) .
Moreover, we investigated how repeated-slip training would affect recovery from a novel trip, which is a diametrically opposing type of perturbation (18) . The results indicated that although adaptation to slips did interfere with the proactive control of stability (negative effect) just as one would have expected, the adaptive improvements in reactive control were able to generalize to the trip response (positive effect). The latter (the generalization) was sufficient to mitigate such interference. All evidence seems to point to the conclusion that, in general, training will improve both proactive and reactive control of stability (7, 15, 16, 31) and that one or both mechanisms may be generalizable across conditions outside of the training context or even crossover to opposing types of perturbation as seen in the slip-totrip study (18) . Although it is not clear whether the current perturbation-training paradigm would result in the largest effects only on slip-related falls in real life (though it is theoretically logical), our findings are still promising given the highly debilitating fractures associated with these falls among the elderly people.
Perturbation training is different from the conventional performance-based, self-initiated, and self-motivated training in several respects. Unlike conventional training, such as muscle strengthening and standing balance training, perturbation training mimics naturalistic environments. It induces gross errors (32, 33) and improves the effectiveness of protective stepping that can be generalized to untrained activities, from sit-to-stand to walking for instance (15) , and that is involuntary in nature, which do not exist in self-initiated performance or exercise. Experiencing such errors is essential for the central nervous system to recalibrate an existing internal representation of the environment (34,35)-in this case, pertaining to the stability limits-which provides the basis required in order to make adaptive adjustments in protective stepping and in both proactive and reactive control of stability. Training that focuses only on self-initiated (and in essence, volitional and self-motivated) performance may not provide the opportunity for someone to improve his or her reaction to unexpected or unpreventable postural disturbances. Further, the recalibration process appears to take place in just a few perturbation trials (25, 36) that does not require the same length of training as developing a new motor program. We have shown that "skate-over" or "walkover" movement strategies can quickly emerge when older adults traverse across the same slippery surface (Figure 2b and c) (25) . In contrast to the conventional performance-based training that could require at least 50 hours/sessions of training (37), a single session of perturbation-based training may improve their resilience to postural disturbances year-round. Does that sound "too good to be true"? Studies conducted by independent investigative groups may provide additional verification or confirmation.
This study did not include a "pure" control group who walked on the same walkway for the same number of trials and the same length of time but did not experience any slip. Evidence suggests that even a single slip (as experienced by the control group) may yield some training effects (29) . The rationale to use such a control group was that a single slip would better prepare participants against future falls than using a control group who had never experienced any slip in the same laboratory setting. Hence, demonstrating that repeated-slip training is better than a single slip would provide a higher order evidence than to merely demonstrate that such training is better than a "pure" control group without any slip exposure. The results indeed suggest that repeated-slip exposure is better than an occasional incident of a single slip that an untrained person could otherwise naturally experience in real-life situations (Figure 4) . This study has limitations. It did not explore the optimum dose-response (numbers of slip exposure) relationship that is required for providing efficiency and optimal outcome. The monitoring of falls in everyday living was conducted through falls diary, which could be influenced by many factors including the accuracy of recall and participation adherence, although this approach is still one of the most commonly applied methods for such studies (9, 10, (38) (39) (40) (41) . Any systematic, methodological-related bias would, however, likely have affected both the training group and the control group similarly. Although our findings suggest that training could be especially helpful to those who previously had a history of falls, the sample size for such analyses on subgroups is still small. Finally, these findings are relevant only for healthy and active older adults, who presumably are more likely to have the neuromotor plasticity and to respond safely and develop subsequent fall response strategies than the more impaired older adults.
In conclusion, the results lend support to our hypothesis that perturbation training can reduce community-dwelling older adults' annual risk of falls in their everyday living. Based on the evidence presented here, it is conceivable that a future intervention strategy may also include a "vaccination-like" component to boost older adults' resilience in response to postural disturbances.
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